The original two-parameter Weibull distribution used for rolling element bearing fatigue tends to greatly underestimate life at high levels of reliability. This fact has been proven for through hardened ball, cylindrical and spherical roller bearings, as well as linear ball bearings, by other researchers. However, to date this has not been done with tapered roller bearings (TRB) or case carburized materials, and as such this study was conducted. First, the three-parameter Weibull distribution was utilized to create a mathematical model, and statistical data analysis methods were put into place. This algorithm was then investigated as to its ability to discern the shape of the reliability distribution using known, numerically generated, data sets for two and three-parameter Weibull distributions. After validation, an experimental data set of 9702 TRB's, 98% of which were case carburized, was collected. Using the developed algorithm on this data set, the overall RMS error was reduced from 26.0% for the standard, two-parameter to 12.2% for the three-parameter Wiebull distribution. Also, the error at 99.9% reliability was reduced from 95.8% to 37%. However, as the results within varied from previously published values at high reliabilities, there is likely a difference in the underlying population and/or dependency on the statistical and mathematical methods utilized. Therefore, more investigation should be conducted in this area to identify the underlying variables and their effects on the results.
NOMENCLATURE
C γ -minimum life coefficient Lpredicted bearing fatigue life Sprobability of survival xprobability of damage (1-S) or median rank ystandardized life variable β -Weibull slope (or shape parameter) γ -minimum life at 100% reliability η -characteristic life of the distribution
INTRODUCTION
The original two-parameter Weibull distribution, Eq. (1), used for rolling element fatigue tends to greatly under-estimate life at high levels of reliability.
This fact has been proven for through hardened ball, cylindrical and/or spherical roller bearings by Tallian [1] , Bergling [2] and Ferreira et al [3] , and for linear ball bearings by Shimizu, et al. [4] . However, to date this has not been accomplished for tapered roller bearings (TRB) or case carburized materials, and as such this study was conducted.
THEORY AND METHOD OF ANALYSIS
An analytical model was created to determine the best estimate of the possible high reliability deviations from the classical two-parameter Weibull. This was accomplished by assuming the three-parameter Weibull, Eq. (2), is the base distribution representing fatigue of TRB's. (2) Combining this with the standardized lives of Tallian [1] , Eq. (3), and assuming the minimum life to be a ratio of the life at 84.09% survival probability (i.e. L 15.91 ), Eq. (4), yields Eq. (5), which can be used to fit the data. 
If the two-parameter model is correct C γ equals zero, else a non-zero value would be determined.
As a significant amount of data is required to estimate the high reliability distribution, it is necessary to use data from multiple sets of fatigue tests. This is easily accomplished through the use of the standardized lives for each test set. However, as this data is typically collected in smaller sets, the three-parameter Weibull values were not easily determined, and as such it was assumed valid to use those fit to the twoparameter distribution. Also, as this data was collected utilizing suspended testing methods, the Hazard method, detailed in Harris [5] , was utilized on the combined test sets. Finally, only the data above 80% reliability was used to fit Eq. (5) focusing on the high reliability portion of the distribution.
For validation of the proposed analytical method, randomly generated data sets were created using two and three-parameter Weibull distributions. The model was capable of fitting these distributions with sufficient accuracy. The C γ approached zero for the two-parameter distributions, and was slightly underestimating by approximately 0.04 the different threeparameter minimum life coefficient values.
DISCUSSION
After the mathematical and statistical analysis methods for this analysis were created and validated, an experimental data set of 471 test groups containing 9702 TRB's, 98% of which were case carburized, was collected and utilized with this model. The results of this investigation are shown in Fig. 1 , where the best fit C γ was found to be 0.165. This value is based on utilizing the best fit two-parameter Weibull statistical values to determine the standardized lives (y i ), and a Weibull slope of 1.5 with Eq. (5). This was assumed valid, as the median slope of the test sets collected was 1.68. Using this fit distribution, the overall RMS error was reduced from 26.0% for the twoparameter to 12.2% for the three-parameter, as well as the error at 99.9% reliability from 95.8% to 37%.
However, as these results varied from those previously published, there is likely a dependency on the underlying population and/or the statistical and mathematical methods utilized. For example, differences in the material grades and quality levels, bearing types or manufacturing process might cause differences in the underlying population and thus the different published values. Also, the differences between the operating conditions of the data sets or mathematical methods utilized might be an unexpected cause of these differences. Thus, more investigation should be conducted in this area to better understand if these differences are valid, or due to nonpopulation based variables.
CONCLUSIONS
Use of the three-parameter Weibull distribution appears to be valid for TRB's and case carburized materials. For the data set of TRB's within, the three-parameter Weibull distribution with a fixed slope of 1.5 and a minimum life coefficient of 0.165 reduced the overall error, as well as the error at very high levels of reliability. However, the Weibull parameters from this study were significantly different from other investigators, which either relates to possible differences in the underlying populations and/or the methods used to fit the distributions. 
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